A Gram-stain-negative, non-motile, non-spore-forming, non-pigmented, oxidase-and catalase-positive bacterial strain, designated BIc20019 T , was isolated from the ice core of Austre Lové nbreen in Ny-Å lesund, Svalbard. The temperature and NaCl ranges for growth were 4-34 8C (optimum, 25-29 8C) and 0-8 % (w/v) (optimum, 2-4 % 
phosphatidylethanolamine and diphosphatidylglycerol. Owing to the differences in phenotypic and chemotaxonomic characteristics, phylogenetic analysis based on 16S rRNA gene and gyrB gene sequences, and DNA-DNA relatedness data, the isolate merits classification within a novel species for which the name Psychrobacter glaciei sp. nov. is proposed. The type strain is BIc20019 T (5KCTC 42280 T 5CCTCC AB 2014019 T ).
The genus Psychrobacter was proposed by Juni & Heym (1986) to describe a group of psychrotolerant, aerobic, Gram-negative, non-motile, non-pigmented, catalasepositive, oxidase-positive coccobacilli isolated from various sources including fish, poultry, meat products and human pathological specimens, and also as contaminants on agar media. Members of the genus Psychrobacter have been detected in air samples collected from different geographical locations including north-western Colorado (Bowers et al., 2009 ) and the Baltic Sea coast (Fahlgren et al., 2010) . Although Psychrobacter species have a global distribution, they are most frequently found in cold and other non-polar environments of low water activity (Rodrigues et al., 2009) . At the time of writing, the genus contained 37 species with validly published names, among which at least 18 species were isolated from low-temperature environments, including Antarctic glacier mud and sediment (Bozal et al., 2003) , Antarctic ornithogenic soils (Bowman et al., 1996) , sea ice (Romanenko et al., 2004) , alpine soil (Srinivas et al., 2011) , Siberian permafrost (Bakermans et al., 2006) and Arctic seawater (Zeng et al., 2015) . In this study, we report the detailed taxonomic characterization of one Psychrobacter-like bacterial strain, BIc20019
T .
An ice core collected from Austre Lovénbreen (788 539 N 128 099 E) in Ny-Å lesund, Svalbard, was used as the source for isolation of bacterial strains. The top few centimetres of ice was scraped away to avoid contamination during sampling and transport. About 650 ml of water was obtained from the ice core after melting under aseptic conditions at 4-8 8C. Strain BIc20019 T was isolated using the usual dilution plating technique on Luria-Bertani (LB) agar (Difco) at 4-8 8C for 20 days. The isolate was routinely cultured on LB agar and maintained at 280 8C as a suspension in LB broth (Difco) containing glycerol (20 %, w/v Bacterial DNA preparation and PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Zeng et al. (2007) . The resultant sequence of strain BIc20019
T was aligned against 16S rRNA gene sequences of the type strains of the genus Psychrobacter obtained from the GenBank database via CLUSTAL X (Thompson et al., 1997) . Phylogenetic analysis was performed using MEGA 5.1 (Tamura et al., 2011) . Clustering and phylogenetic tree reconstruction were performed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood and minimum-evolution (Fitch, 1971) methods based on the Kimura two-parameter model (Kimura, 1980) . Bootstrap values from 1000 replications were used to determine the confidence level of the branches (Felsenstein, 1985) .
Strain BIc20019
T exhibited close phylogenetic affinity to P. fozii LMG 21280
T and 'P. fjordensis' BSw21516B (99.6 % 16S rRNA gene sequence similarity), P. arcticus 273-4 T (99.5 %), P. okhotskensis MD17 T (99.4 %), P. cryohalolentis K5 T (99.2 %) and P. luti LMG 21276 T (99.1 %). Levels of sequence similarity with the type strains of other recognized Psychrobacter species were 94.9-98.9 %. The maximum-likelihood tree ( Fig. 1) T clearly belongs to the genus Psychrobacter.
Because the gyrB gene is a better phylogenetic marker for establishing relationships between species of the genus Psychrobacter than the 16S rRNA gene (Bakermans et al., 2006) , analyses were performed using gyrB gene sequences to confirm the phylogenetic position of strain BIc20019 T in the genus Psychrobacter. The gyrB gene was amplified and sequenced as described by Zeng et al. (2010) . The partial gyrB gene sequence of the new isolate and publicly available partial gyrB gene sequences of the genus Psychrobacter were aligned using MEGA 5.1, then phylogenetically analysed using a method similar to that used for the 16S rRNA gene sequences. A maximum-likelihood tree was generated using gyrB gene sequences (Fig. 2) . The gyrB phylogenetic gene tree had a different topology from that of the 16S rRNA gene tree. Strain BIc20019
T formed a robust cluster with P. okhotskensis MD17 T in the gyrB tree, but grouped together with Psychrobacter fulvigenes KMM 3954
T . P. fozii LMG 21280 T , 'P. fjordensis' BSw21516B, P. immobilis DSM 7229 T , P. cryohalolentis K5 T , P. arcticus DSM 17307 T , P. cibarius DSM 16327 T , P. glacincola ACAM483 T , P. frigidicola ACAM304 T , P. urativorans DSM 20429 T and P. luti LMG 21276 T no longer formed a cluster with strain BIc20019
T and P. okhotskensis MD17
T . The gyrB gene sequence of strain BIc20019 T shared 93.6 % similarity with that of P. okhotskensis MD17
T . Levels of sequence similarity with the type strains of other recognized species of the genus Psychrobacter were lower than 86 %. Taken together, these results indicate that strain BIc20019
T was closely related to P. okhotskensis MD17 T .
DNA-DNA hybridization was performed in duplicate according to the method described by Huss et al. (1983) . DNA of strain BIc20019 T was hybridized against P. okhotskensis MD17
T and five other reference strains that shared greater than 99 % 16S rRNA gene sequence similarity. DNA-DNA relatedness between strains BIc20019 T and P. okhotskensis MD17 T was 59 %, while that between strain BIc20019
T and the other five reference strains ranged from 33 to 54 % (Table 1) . These low DNA relatedness values (,70 %) suggest that strain BIc20019
T represents a novel species of the genus Psychrobacter according to Wayne et al. (1987) .
The G+C content was determined using the thermal denaturation method (Sly et al., 1986 ) and a DU800 spectrophotometer (Beckman). The cellular fatty acids of strain BIc20019 T grown on LB agar at 25 8C for 48 h were prepared in duplicate and analysed as methyl esters through GLC according to the instructions of the Microbial Identification System (MIDI, 1999) . Respiratory quinones were extracted and identified using an HPLC system (UltiMate 3000; Dionex) as described by Xie & Yokota (2003) . For polar lipid analysis, strain BIc20019
T was grown in LB broth at 25 8C. The polar lipids were extracted and analysed by twodimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) according to Tindall (1990) . The DNA G+C content of strain BIc20019 T was 46.3 mol%, a value similar to those found for other species of the genus Psychrobacter. The major fatty acids of strain BIc20019
T were oleic acid (C 18 : 1 v9c; 39.3 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 34.4 %), which are similar to those of its three closest phylogenetic neighbours, P. okhotskensis MD17 T , 'P. fjordensis' BSw21516B and P. fozii LMG 21280 T (Table S1 ). The predominant isoprenoid quinone found in strain BIc20019
T was ubiquinone-8 (Q-8), which is in line with other members of the genus Psychrobacter. The major polar lipids of strain BIc20019
T and its closely related phylogenetic neighbours, P. okhotskensis MD17 T , 'P. fjordensis' BSw21516B and P. fozii LMG 21280 T , Psychrobacter glaciei sp. nov.
were phosphatidylglycerol, phosphatidylethanolamine and diphosphatidylglycerol (Fig. S3) .
Cell size and morphological characteristics were determined by observing cells grown on LB agar at 25 8C for 48 h using a transmission electron microscope (H800; Hitachi). Cells grown on LB agar were also used for the physiological and biochemical tests. The Gram reaction was determined using a Gram staining kit (bioMérieux) according to the manufacturer's instructions. Bacterial growth in the presence of 0-10 % (w/v) NaCl (in increments of 1.0 %) was investigated in LB broth prepared according to the specified formula of the medium except NaCl was not added. Growth was detected on LB agar at 
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Psychrobacter glaciei 4-35 8C. Catalase activity was determined using 3 % (v/v) hydrogen peroxide. Casein hydrolysis was observed using a previously described method (Lee et al., 2005) .
Other biochemical tests and enzyme activity tests were performed using API 20E, API 20NE and API ZYM systems (bioMérieux) and GN2 and GENIII MicroPlate systems (Biolog) according to the manufacturers' instructions. Cells of strain BIc20019 T were Gram-stain-negative, nonmotile, non-pigmented, non-spore-forming, catalase-and oxidase-positive coccobacilli (Fig. S4) , which are characteristics of the genus Psychrobacter. Colonies grown on LB agar at 25 8C for 48 h were cream-coloured, circular, convex, smooth and opaque with entire margins, approximately 1.0-2.0 mm in diameter. Strain BIc20019 T was able to grow aerobically on LB agar at 4-34 8C, but not at 35 8C. Strain BIc20019 T grew in LB broth at 25 8C in the presence of 0-8 % (w/v) NaCl, but not with 9 % NaCl. The detailed results of the physiological and biochemical analyses are given in Table 2 and in the species description. The data presented in Table 2 also indicate that there were several phenotypic characteristics that differentiated strain BIc20019
T from the type strains of phylogenetically related species.
Based on the results of this polyphasic study, it is clear that isolate BIc20019
T represents a novel species of the genus Psychrobacter, for which the name Psychrobacter glaciei sp. nov. is proposed.
Description of Psychrobacter glaciei sp. nov.
Psychrobacter glaciei (gla.ci.e9i. L. gen. n. glaciei of ice, the source from which the type strain was isolated). T . All physiological and biochemical characterization data were obtained in this study, while data for the main cellular fatty acid, major quinone and DNA G+C content of the reference strains were collected from previous studies (Bakermans et al., 2006; Bozal et al., 2003; Juni & Heym, 1986; Maruyama et al., 2000; Yumoto et al., 2003; Zeng et al., 2015) . All the strains were able grow at 4-28 8C, but not at 37 8C. Additionally, all were able to grow in the presence of 0-8 % (w/v) NaCl, and were positive for catalase, oxidase, esterase (C4), esterase lipase ( 
